There appears to be a reciprocal relationship between sperm ré¬ sorption and the total number of spermatozoa removed by collection and masturbation. The apparent rate of sperm résorption in the epididymis on the intact side of three bulls collected eight times weekly was 57%.
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109 and were not affected by either unilateral vasectomy or pre-slaughter ejaculation frequency. Sperm reserves in the caput and corpus epididymis also were unaffected by treatments. Sperm reserves in the cauda epididymis on the intact side were similar in the sexuallyrested and twice-weekly-ejaculated bulls. In bulls ejaculated eight times weekly, the cauda on the intact side contained 24% fewer sperma¬ tozoa just prior to ejaculation than if the bulls had been sexually rested. In eight of the nine bulls, sperm reserves in the cauda epididymis on the vasectomized side averaged 22-0 IO9 spermatozoa as compared to 109 in the contralateral cauda; an average of spermatozoa accumulated in the ductus deferens just proximal to the site of vasectomy. In the other bull, the cauda epididymis on the vasectomized side contained 77-4 109 spermatozoa but there was no accumulation in the ductus deferens. After 23 weeks, some spermat¬ ozoa were found distal to the site of ligation in all nine bulls.
There appears to be a reciprocal relationship between sperm ré¬ sorption and the total number of spermatozoa removed by collection and masturbation. The apparent rate of sperm résorption in the epididymis on the intact side of three bulls collected eight times weekly was 57%.
In the vasectomized sides of nine bulls, it was greater than 96%. The rate of sperm résorption was postulated to be dependent upon the number of spermatozoa present in the cauda epididymis. INTRODUCTION The recent report by Almquist & Amann (1961) showed that the extragonadal sperm reserves (egr) of mature bulls averaged 73 IO9. In sexually rested bulls, about 54% of these spermatozoa were in the cauda epididymis. These workers found that sperm reserves were altered by ejaculation. In mature bulls, regular collection at six or seven ejaculates per week resulted in a 25% reduction of the sperm content of the cauda epididymis just prior to ejaculation. Following a twenty-ejaculate depletion of previously sexually rested bulls the total egr was reduced by 53%. The effect of vasectomy on egr is unknown. Literature on egr was reviewed by Almquist & Amann (1961) . Simeone & Young (1931) (Bayle & Gouygou, 1951; Glover, 1959 Glover, , 1960 Grant, 1958; Kennelly, 1960; Macmillan, 1954; Reid & Cleland, 1957) . Neither the magnitude of sperm résorption nor its relation to sperm production and epididymal reserves has been elucidated. For bulls, Amann (1962) recently demonstrated that sexual rest, collection of semen at low or high frequencies, and unilateral vasectomy did not affect spermatogenesis. Consequently, non-ejaculated spermatozoa must be removed from the reproductive system by masturbation, passage in the urine, or ré¬ sorption in the excurrent ducts. In vasectomized bulls, only the latter mode could be operative. Thus, in such bulls, the egr at slaughter should equal the total number of spermatozoa produced postoperatively less any spermatozoa resorbed proximal to the site of ligation.
The data in this report are from the same bulls used by Amann (1962) for quantitative studies on spermatogenesis. The daily sperm output and semen characteristics before and after unilateral vasectomy of these bulls were reported by Amann & Almquist (1961b) . The present report concerns egr and sperm résorption in vasectomized bulls collected at various ejaculation frequencies.
MATERIALS AND METHODS
Gonadal and extra-gonadal sperm reserves of nine unilaterally vasectomized Holstein bulls were determined 23 weeks after surgery with the technique of Amann & Almquist (1961a) . The pre-and postoperative treatment of these bulls has been described (Amann, 1962; Amann & Almquist, 1961b (Amann & Almquist, 96lb Fig. 4 ). The epididymides on the vasectomized side averaged 10-7 g heavier (37%) than those on the intact side (Table 1) . With the exception of Bull 169 (see above), this difference ranged from 0-5 to 13-3 g. In Bull 169, the epididymis on the vasectomized side weighed 64-0 g as compared to 26-4 g on the intact side.
Individual testis sperm counts ranged from 9-4 to 19-6 X 109 (Table 1 ) and were highly significantly correlated to testis weight (+0-70). The sixteen testes (counts were not made for one sr bull) averaged 15-2 ± 0-8 109 spermatozoa or 52-1 ±2 x 10e spermatozoa per gramme of testis. Testes of 8x bulls averaged 5-7 106 spermatozoa per gramme less than those of sr and 2x bulls. However, based on testis sperm counts it appeared that ejacula¬ tion frequency and unilateral vasectomy did not affect spermatogenesis. This conclusion was verified by histological studies (Amann, 1962) .
The total egr on the vasectomized sides averaged 55-5 IO9 as contrasted to 109 for the intact sides. Regardless of ejaculation frequency and vasectomy, the numbers of spermatozoa in the caput (7-1 ±0-5 IO9) and in the corpus (1-6 ± 0-2 109) of the eighteen epididymides were similar. (Table 1 ). Collection at 2 X had no effect on the sperm content of the cauda epididymis.
DISCUSSION
The relative distribution of the extra-gonadal sperm reserves (egr) on the intact sides of these 36-month-old bulls was similar to values previously re¬ ported (Almquist & Amann, 1961 ; Ortavant, 1959) . In mature bulls, collection of six to eight ejaculates weekly reduced the sperm content of the cauda epididymis just prior to ejaculation by 25% (Almquist & Amann, 1961 Gonadal sperm reserves represent about 3-27 days' production of sperma¬ tozoa by a bull (Amann, 1961a) . With the average of the two values calculated for each testis from the sperm-count data and from histological data (Amann, 1962) , it was estimated that the testicular production for the nine bulls in the present study averaged 10-5 IO9 spermatozoa per day (Amann, 1961a) . (Amann & Almquist, 1961b (Amann, 1961a; Hale & Almquist, 1960) . Since relatively few spermatozoa appear to be lost in the urine (Koefoed-Johnsen, 1958; Simeone & Young, 1931) IO9 spermatozoa. Thus, although they initially came from the cauda epididymis, it is apparent that most of these 13-3 X 109 spermatozoa were replaced by spermatozoa in excess to those ejaculated. Since the daily sperm-production rate was not affected by ejaculation frequency (Amann, 1962) , it must be concluded that the rate of sperm résorption was decreased during the first 8 to 10 days on 8 x.
For mature bulls with a testicular production of about 13 IO9 sperma¬ tozoa daily, Almquist & Amann (1961) Glover (1959 Glover ( , 1960 , Kirillov & Morozov (1936) , and Macmillan (1954) (Risley, personal communication, 1959; Risley, 1960; Cross, 1959) and data on the morphology of spermatozoa in the epididymis (Almquist & Amann, 1962) suggest that spermatozoa are continually moving into the cauda epididy¬ mis. Thus, all of the sperm production is not resorbed in the caput and corpus. For rats, Macmillan (1954) Text-fig. 1 . Daily sperm production (Amann, 1961a) , daily sperm output at high ejaculation frequencies (Hale & Almquist, 1960) , and sperm reserves in the cauda epididymis at sexual rest and after high frequency collection (Almquist & Amann, 1961) 
